Abstract. As part of a continuing study of the effect of cluster environment on the star formation properties of galaxies, we have undertaken an Hα objective prism survey of the nearby cluster, Abell 1060. We detect 33 galaxies in emission, 24 of which are cluster members. We present new radial velocity measurements and Hα + [N ii] equivalent widths and fluxes for a number of these galaxies. We distinguish between galaxies with diffuse and compact emission, the latter having been associated in previous work with a disturbed morphology of the galaxy and most likely resulting from tidally-induced star formation from galaxy-galaxy or cluster-galaxy interactions. The fraction of cluster spirals in Abell 1060 detected with compact emission agrees with the expected fraction for a cluster of its richness, as derived from results of a previous survey of 8 clusters. Some of the detected cluster earlytype spirals exhibit anomalously high global Hα equivalent widths, as compared to galaxies of similar type in the field.
Introduction
The effect of cluster environment on the star formation properties of galaxies has long been a matter of debate. While some studies have suggested a lower star formation rate for cluster spirals as compared to the field (e.g. Gisler 1978; Dressler et al. 1985) , other work has suggested a similar or enhanced rate, particularly for early-type spirals (e.g. Kennicut et al. 1984; Gavazzi et al. 1991; Moss & Whhitle 1993; Biviano et al. 1997) . With the discovery that in distant rich clusters there is a high fraction of blue, star-forming galaxies, often with unusual morphology suggestive of mergers and tidal interactions (e.g. Lavery & Henry 1986; Thompson 1988; Couch et al. 1994) , there is renewed interest in tidally-induced star formation by mergers and interactions in nearby clusters. In order to address these issues, Moss, Whittle and co-authors have completed an objective-prism survey of eight nearby clusters of galaxies to detect global Hα + [N ii] emission as an indicator of the current rate of massive star formation. The survey technique is described by Moss et al. (1988) , hereafter MWI, and initial results have been discussed by Moss & Whittle (1993) (see also Moss 1990; Moss et al. 1995; Moss & Whittle 1997; Moss et al. 1998) . We have extended this survey to a ninth cluster, the Hydra I cluster, Abell 1060.
Abell 1060 is one of the nearest of the Abell clusters, at a redshift of z ∼ 0.01, and is the nearest large cluster beyond the Virgo and Fornax clusters. It has a high spiral fraction (e.g. Solanes & Salvador-Solé 1992) and is a relatively poor cluster, with a low density intracluster medium (Loewenstein & Mushotzkzy 1996) and low X-ray luminosity (Edge & Stewart 1991) . Since it is the nearest of the clusters surveyed by us so far, it can be surveyed to a fainter limit in absolute magnitude. However, its proximity means that it has a large projected diameter on the sky, with one Abell radius, 1 r A = 2.
• 3 = 1.5 h −1 Mpc (where h is defined in terms of the Hubble constant H 0 = 100h km s −1 Mpc −1 ). Whereas other clusters were surveyed in a region of radius 1.5 r A , the photographic plate size restricted survey of Abell 1060 to a region of radius somewhat less than one Abell radius (see Sect. 2.1). Richter (1989) , hereafter R89, presents a catalogue of 581 galaxies in the cluster area, which contains a sample which is complete to the magnitude limit V 25 = 16.65, within 2
• of the cluster centre. This is a convenient complete sample for the present Hα survey, extending to a fainter apparent magnitude than the Zwicky Catalogue used to define samples for other clusters.
Cluster properties are summarised in Table 1 . The (B1950.0) position of the central cluster galaxy NGC 3311 is given as the cluster centre in Cols. 2 and 3. The mean heliocentric radial velocity v and velocity dispersion σ determined using N gal individual galaxy redshifts are given in Cols. 4, 5, and 6 (Bird 1994) . The Abell richness class (Abell et al. 1989 ) is given in Col. 7, the BautzMorgan and Rood-Shastry type classes are given in Cols. 8 and 9 respectively (Bautz & Morgan 1970; Struble & Rood 1982) .
The observations and data reduction are described in Sect. 2. Details of the observational technique are given in Sect. 2.1, and of the process of identifying the emissionline galaxies in Sect. 2.2, where a table of the detected emission-line galaxies (ELGs) is given. Measurements of radial velocities for the detected emission-line galaxies are presented in Sect. 2.3, and those of Hα + N[II] equivalent widths and fluxes in Sect. 2.4, where measured Hα + N [II] fluxes are also converted into effective star formation rates. A comparison of detected cluster emission-line galaxies in Abell 1060 with field galaxies and detected emissionline galaxies in other clusters is given in Sect. 2.5. Notes on individual galaxies are given in Sect. 2.6. Finally, we present a brief discussion of our results in Sect. 3.
Observations

Plate material
Observations were made with the 61/94 cm Curtis Schmidt at Cerro Tololo Inter-American Observatory equipped with a 6
• +4
• objective prism combination. The plate scale of the Curtis Schmidt is 96.6 arcsec mm −1 , with a usable field of 5
• square. The dispersion at Hα is 465 ± 4Å mm −1 , as determined in Sect. 2.3. At this moderate dispersion, the Hα line is blended with the forbidden [N ii] (λλ = 6548, 6583Å) lines. Two exposures were made on hypersensitized IIIaF emulsion using an RG 630 filter. This combination of filter and emulsion gives an effective bandpass which has a FWHM of ∼ 350Å centred on 6655Å with a peak sensitivity at ∼ 6717Å (MWI). At the relatively low redshift of the Hydra cluster, [S ii] (λλ = 6716, 6731Å) emission can also be detected.
Repeated exposures of the same field taken with opposite dispersion directions are useful to confirm the reality of emission features allowing both elimination of spurious detections, and confirmation of weak emission features, particularly in cases where the underlying continuum is too faint to be seen. Reversing the dispersion direction also enables redshift determination (see MWI). The seeing is critical to the detection of emission. Details of the exposures, both taken under good seeing conditions, are given in Table 2 .
The fields covered by the two plates are not exactly coincident. The plate boundaries are shown in Fig. 1 as solid boxes. The coverage of R89 is also shown: the dashed box shows the area covered by the catalogue, the dashed circle the area within which it is complete to the magnitude limit V 25 = 16.65. One Abell radius is indicated by the dotted circle. There are three distinct regions in Fig.   1 : the region in which the plates overlap, the region covered by only one plate, and the region within which R89 is complete. The complete region is contained entirely within the overlap region.
Identification of emission-line galaxies
The plates were searched systematically for galaxies showing Hα emission using a low-power binocular microscope. A visibility parameter (S strong, MS medium-strong, M medium, MW medium-weak, or W weak) describing how readily the emission is seen on the plate, and a concentration parameter (VD very diffuse, D diffuse, N normal, C concentrated, or VC very concentrated) describing the spatial distribution of the emission and the contrast with the underlying continuum, were assigned to each candidate following the scheme of MWI. Within the overlap region galaxies were only accepted as emission-line sources if they had been independently detected on both plates and the separate emission features were consistent with each other. Outside the overlap area, galaxies were accepted only if they showed strong emission. Galaxies detected in Hα are listed in Table 3 in order of increasing Right Ascension.
In order to construct a complete sample of surveyed galaxies for statistical analysis, it is necessary to correct for the effect of overlapping spectra. This is a particular problem at the relatively low galactic latitude (b = 26.
• 5) of Abell 1060. All galaxies within the region of completeness of R89 brighter than the limiting magnitude V 25 = 16.65 were checked on both plates to ensure that their spectra were not overlapped by those of nearby objects. Table 4 lists both the identifications in R89 of the galaxies included in the complete sample, and those of galaxies which are deemed not to have been surveyed due to overlapping spectra. Those in the former list can be regarded as being confirmed as non emission-line galaxies if they do not appear in the table of detected emission-line galaxies (Table 3) .
The objective prism spectra of the detected emissionline galaxies were digitised using the PDS (Plate Density Sensitometer) facility at the Royal Greenwich Observatory in order to measure line redshifts, equivalent widths, and fluxes.
Redshift determinations
As demonstrated by MWI, after Stock & Osborn (1980) , it is possible to obtain redshift estimates for emission-line galaxies accurate to within a few hundred km s −1 using two Schmidt telescope objective prism plates taken with opposite dispersion directions. Following the method detailed in MWI, we obtained redshift estimates for all detected emission-line galaxies which we calibrated against I) 269.
• 6 2 6 .
• 49 available redshifts from the literature. Assuming that the dispersion of the prism combination is approximately constant over the narrow wavelength range of interest, the slope of this calibration gives a value for the dispersion of the 6
• + 4
• prism combination of 465 ± 4Å mm −1 between 6600 and 6800Å. The rms scatter about this relation of ∼340 km s −1 is slightly larger than that found by MWI of ∼205 km s −1 ; this may be partly due to the fact that MWI used a two-dimensional cross-correlation technique, whereas we used the one-dimensional analogue.
Heliocentric velocities determined using the two-plate technique for seven galaxies which do not have existing redshift determinations and the emission associated with the superposed galaxies NGC 3314 (see Sect. 2.6) are listed in Table 5 .
Equivalent widths and fluxes
The two-dimensional digitised spectral scans were reduced to one-dimensional spectra. These were used to determine equivalent widths of the blended Hα + [N ii] emission lines using the dispersion value derived from the two-plate redshift determinations (Sect. 2.3 above).
It was only possible to measure a reliable equivalent width for 13 of the 33 emission-line galaxies. Other galaxies had spectra which were overlapped by those of other objects, or emission or continuum which was too faint, or too diffuse, to be measured reliably. Comparison between equivalent widths measured from the two plates shows a mean difference of 0(±3)Å for the 11 galaxies for which equivalent widths were measured on both plates. The mean measured equivalent widths (W λ ) are listed in Col. 3 of Table 6 . A colon appended to the equivalent width value indicates some additional uncertainty in fitting the continuum.
Hα + [N ii] fluxes were measured in arbitrary units of photographic density, which is approximately proportional to intensity. We then used the flux calibration of Bessell 1979) to give Hα + [N ii] fluxes from the R magnitudes, where available in the literature, and the equivalent width measurements. These flux values were used to calibrate the photographic fluxes, which were then converted to luminosities using corrections for galactic extinction from Burstein & Heiles (1984) and the NASA Extragalactic Database (NED), the internal extinction correction given by de Vaucouleurs et al. (1991) , and a distance corresponding to the cluster mean redshift for cluster members, or individual galaxy redshifts for background galaxies, using the velocity correction for Virgocentric infall given in R89 (Richter et al. 1987) . H 0 was taken as 50 km s
Mpc −1 . The scatter in this calibration is ∼ 0.08 in the log, corresponding to an uncertainty of ∼20% in luminosity.
The Hα + [N ii] luminosities from this calibration were corrected to give Hα luminosities using the conversion of W λ (Hα + [N ii]) = 1.33 W λ (Hα) from Kennicutt (1983) . This was then converted to an effective star formation rate using the conversion factor of Alonso-Herrero et al. (1996) of L(Hα)/SFR = 3.10 10 41 erg s −1 /M yr −1 , which corresponds to a Salpeter (1955) IMF with upper and lower mass cutoffs of 125 M and 0.1 M respectively. This conversion is highly IMF dependent. Calibrated Hα + [N ii] fluxes and effective star formation rates are listed in Cols. 4 and 5 of Table 6 . A star formation rate is not listed for NGC 3393 as it is a Seyfert. Despite the uncertainties in the star formation rate determination, the derived values of between a tenth of a solar mass and a few solar masses per year lie within the range expected for normal spirals. Nevertheless, a few galaxies appear to have an anomalously high star formation rate for their morphological type (see Sect. 2.5). 
Cluster emission-line galaxies
From the distribution of detected emission-line galaxies with magnitude it appears that the complete survey sample (V ≤ 16.65, r < 2 • ) extends somewhat below the detection limit of the Hα survey, although this detection limit is not well defined. For the magnitude ranges, 12 < V 189 190 191 192 193 194 196 198 202 203 204 206 208 209 210 211 212 213 214 215 216 217 218 219 220 221 222 224 225 226 227 232 233 234 236 237 238 239 241 243 244 245 246 247 249 252 253 254 255 256 258 260 261 264 266 268 269 271 273 274 278 279 281 282 283 286 288 289 290 291 292 293 295 296 297 299 ≤ 14, 14 < V ≤ 16, and V > 16 the percentages of galaxies, types Sa and later, detected in emission are 24%, 23% and 6% respectively. We estimate that emission-line galaxy detections are reasonably complete to V = 16. Accordingly in what follows, we restrict discussion to a subsample of the complete sample, with V ≤ 16, r < 2
• . There are some 180 galaxies in this subsample which have been surveyed for Hα emission, of which 35 are classified in R89 as E or E/S0, 62 as S0 or S0/a, and 65 as Sa or later, with 8 being unclassified. The percentages of the three type groups detected in emission are 6%, 4% and 23% respectively. As expected, only a small percentage of early type galaxies were detected in emission.
Previous work (Moss & Whittle 1993) has shown the usefulness of a distinction between diffuse emission described by the concentration classes D (diffuse) and VD (very diffuse), and compact emission described by the other three classes VC (very concentrated), C (concentrated), and N (normal). It has been found that compact emission is strongly associated with a disturbed morphology of the galaxy, and most likely results from tidallyinduced star formation from galaxy-galaxy or clustergalaxy interactions. Furthermore there is a strong correlation between cluster mean central galaxy density and the fraction of galaxies of types Sa and later with compact emission (Moss & Whittle 1997) . This is illustrated in Fig. 2 , where the central galaxy density is calculated from the number of galaxies with absolute magnitude M T,0 ≤ −20.4 within 0.5r A of the cluster centre, corrected for the effects of foreground and background contamination and cluster galaxies projected onto the central region. For Abell 1060, the central galaxy density calculated in this way is approximately 1.2 Mpc −3 . However, the actual value is likely to be lower than this as the correction for projection was less accurate than was possible for more distant clusters. Within 120 arcmin (∼ 1 r A ) of the cluster centre 8 galaxies (14%) of types Sa and later have compact emission. This is in good agreement with the fraction of 12% for the lowest density bin in Fig. 2 , indicating that the number of spirals detected with compact emission in Abell 1060 agrees with the expected value for a cluster of its richness.
A detailed comparison between the star formation rates of cluster galaxies in Abell 1060 and corresponding rates for field galaxies is not possible due both to the small sample of detected emission-line galaxies and incomplete measurements of Hα equivalent widths. Nevertheless it may be noted that a significant fraction of the detected cluster emission-line galaxies are early-type spirals which may be surprising in view of the detection limit of the survey technique of ∼ 20Å (see MWI), and the expectation that Hα equivalent widths for galaxies of types Sab and earlier in the field are less than 20Å (Kennicutt & Kent 1983) . Indeed, the three galaxies ESO 501−G17, ESO 501−G45, and R89 281, typed Sa or earlier by R89 and Wang et al. (1991) , and known cluster members, have measured equivalent widths greater than 20Å, and can therefore be considered to have unusually high star formation rates. The cluster elliptical ESO 436−IG42 also has a very high equivalent width of 96Å (see Sect. 2.6). These results are consistent with an enhanced star formation rate in early-type cluster spirals found previously for other clusters (see Moss & Whittle 1993 ).
Notes on individual galaxies
No. 6, ESO 436−IG42: This galaxy is clearly interacting with a nearby companion; they are joined by a bridge of material (Lauberts 1982) . The fact that it is classified as an elliptical and exhibits compact emission points to the possibility of a centrally-concentrated burst of star formation triggered by this interaction.
No. 13, NGC 3314A: This is the foreground member of the remarkable superposed galaxy pair NGC 3314, discussed in detail by Schweizer & Thonnard (1985) and Richter et al. (1982) , which consists of two spiral galaxies of comparable angular size, one face-on and the other more nearly edge-on, whose centres are superposed almost exactly along the line of sight. Two redshifts have been determined for the pair from optical and 21 cm line measurements of 2 851 and 4 641 km s −1 . Both sets of authors identify NGC 3314A as both the foreground object (dust lanes in its disk obscure NGC 3314B) and as having the lower recession velocity. The two-plate redshift estimate (see Sect. 2.3) of 2 600 ± 340 km s −1 confirms that emission is detected in the foreground NGC 3314A, in agreement with the spectrum of Schweizer & Thonnard (1985) .
Nos. 16 & 17, sESO 501−IG61 & 501−G62: These two galaxies are seen in close separation on the sky, ∼1 arcmin apart, and might consequently be taken for an interacting pair. As they lie outside the overlap area, a two-plate redshift measurement was not possible. However, a less accurate estimate can be made using a single plate, giving redshifts of ∼3 200 km s −1 for ESO 501−IG61 and ∼10 200 km s −1 for ESO 501−G62, with an adopted uncertainty of ∼550 km s −1 (MWI). This is accurate enough to identify ESO 501−IG61 as a possible cluster member and ESO 501−G62 as a non-member, and to confirm that they are not an interacting pair as might otherwise be inferred from their close separation. The R89 value of 3 597 km s −1 has been adopted for the redshift of ESO 501−IG61.
Discussion and conclusions
We have surveyed the Hydra cluster, Abell 1060, for starforming galaxies using an objective prism technique to detect Hα emission. We detect a total of 33 ELGs in the survey area, all of which have been identified with previously-known objects from one or more of a variety of catalogues. Radial velocities have been determined for 7 ELGs without previous determinations, and measurements have been made of global Hα + N[II] equivalent width and flux values for 13 ELGs. For a complete galaxy sample (n = 180) with V ≤ 16 within 2
• of the cluster centre, 24 galaxies are detected in emission, of which 18 are cluster members.
In accord with previous work (MWI) we have classified the appearance of the emission as compact or diffuse. It has previously been found that compact emission is associated with a disturbed galaxy morphology, and is most likely the result of tidally-induced star formation either by galaxy-galaxy or cluster-galaxy interactions (see Moss & Whittle 1993) . Furthermore the fraction of spirals in a cluster with compact emission has previously been found to correlate with cluster richness (see Moss & Whittle 1997) . Using the complete galaxy sample we show that the fraction of spirals detected with compact emission in Abell 1060 is consistent with this correlation.
Finally, although the small sample of detected cluster ELGs in Abell 1060 precludes a detailed comparison of star formation rates between these cluster galaxies and corresponding types in the field, it is to be noted that at least three early-type cluster spirals (types S0 to Sa) and an elliptical have global Hα equivalent widths greater than 20Å, which would be anomalously high for these galaxy types in the field. This is consistent with an enhanced star formation rate in early-type cluster spirals found in previous work (Moss & Whittle 1993) .
